Bluetongue virus (BTV) is one of a group of viruses characterized by the possession of a segmented, double-stranded ribonucleic acid (RNA) genome (22) . A remarkable fact about this group is that it encompasses viruses with mammalian, insect, and plant hosts. All the members so far identified, with the exception of reovirus, are either transmitted by arthropod vectors or have an insect as the primary host. Reovirus is also distinguished from the other members by the fact that it is not associated with a specific disease and by its ubiquitous distribution among mammals.
Morphologically, a distinct division can be made within the group. Reovirus, which can be regarded as the type species of the one subgroup, is 75 nm in diameter and possesses a double-layered capsid. The outer layer was generally thought to consist of 92 capsomeres, but it is likely to have a different type of capsid structure with a trimer or dimer arrangement of structural units (1, 20) . BTV, which typifies the other subgroup, has been reported to be 55 nm in diameter and its capsid to consist of a single layer of 32 morphological units or capsomeres (8) .
These differences in the structure of the protein coat are reflected in both the biological and the physical characteristics of the respective viruses. For example, no serological relationship has been found between BTV and reovirus, and hemagglutination, a common characteristic of reoviruses, has never been observed in the case of BTV. Reovirus is also relatively stable to both high temperatures and acidity, whereas BTV is very sensitive to both. It is obvious, therefore, that in spite of a strong resemblance in the structure of their RNA genomes, the two viruses differ considerably in their protein capsids. It was therefore of considerable importance to study in greater detail the polypeptide composition of the BTV capsid and to attempt a clarification of the relationship between the two viruses. Of equal importance was an attempt to find a correlation between the genome segments and polypeptides in BTV as part of an investigation of the biological function of the viral components.
The structure of reovirus capsid proteins has been investigated by Loh and Shatkin (13) and by Smith, Zweerink, and Joklik (18) . Both groups reported seven polypeptides, three of which occur in the core particle. One of the four residual polypeptides was demonstrated not to be a primary gene product, but to be derived from one of the other polypeptides, leaving six primary products in the capsid (25) . Recently, two additional "noncapsid" polypeptides were found in reovirus-infected cells. A reasonably good correlation was found between the molecular weights of the eight primary gene products and 783 on November 1, 2017 by guest http://jvi.asm.org/ Downloaded from eight of the ten genome segments, indicating a possible "gene" function for the segments (27) .
A similar investigation of the polypeptide components of BTV capsid protein is reported in this communication. In addition, a method for the selective removal of certain capsid proteins from BTV is described and the activation of the viral transcriptase is demonstrated.
MATERIALS AND METHODS
Virus and cells. Type 10 BTV and type 3 (Abney strain) reovirus were used throughout this work. Virus was produced mainly on monolayers of BHK-21 cells. Origins of both viruses and cells, and methods used in their culture, have been described previously (9) .
Virus production and purification. BHK monolayers were washed once with Eagle minimal essential medium (MEM) without serum and inoculated with virus at an input multiplicity of 10 to 20 plaqueforming units (PFU)/cell. After incubation at 37 C for 36 to 48 hr the cells were shaken off, centrifuged into a pellet, and stored at 4 C until used for purification.
The purification procedure used for both viruses was essentially the same as that described previously (24) . Cells derived from 100 roller bottles were washed once in 72 ml of 0.002 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer at pH 8.8, and suspended in 150 ml of the same buffer by means of an Ultra-Turrax homogenizer. One-tenth volume of a 1% Sephadex G200 suspension was added and the mixture was extracted with 50 ml of Freon 113 in a cold room at 4 C. The cell debris and Freon phase was washed once with 70 ml of Tris buffer and the combined water phases were extracted two more times with Freon.
To the final extract bovine serum albumin was added to a final concentration of 0.5%, followed by one-tenth volume of a 10% Tween-80 solution. The mixture was then extracted with 0.5 volume of freshly distilled ether by shaking in the cold. After adjusting the salt concentration of the water phase to 0.1 M with sodium chloride, virus particles were pelleted through a layer of 40% sucrose in a Spinco 6OTi rotor at 40,000 rev/min for 75 min. Higher velocities tended to disrupt the BTV particles. Pellets were suspended in 0.002 M Tris buffer and layered on 10 to 30% sucrose gradients in the same buffer. Gradients were centrifuged for 50 min at 24,000 rev/min in a Spinco SW27 rotor. The clearly defined virus bands were collected and pelleted once more at 40,000 rev/min. For most purposes these pellets were of sufficient purity.
Isopycnic density gradient centrifugation in CsCl was used for both final purification and selective degradation of BTV virus with "C-protein hydrolysate using a pulse technique. Monolayers of BHK cells were inoculated with BTV as usual in Eagle MEM. After 8 hr at 37 C, the medium was changed to Earle salt solution containing "4C-protein hydrolysate (Radiochemical Centre, Amersham, England) at a final concentration of 0. 1 ,Ci/ml. After a further 2 hr at 37 C, the medium was replaced with Eagle MEM again, and the cultures returned to 37 C for 36 hr. Virus was purified as described above, dissociated, and electrophoretically separated as described below. After staining, the virus bands were cut out of the polyacrylamide gel, dissolved in 0.2 ml of a 10% piperidine solution and counted in 8 ml of Kinard's scintillator in a Packard Tri-Carb scintillation spectrometer.
Infectivity assays. Infectivity of virus preparations were determined by means of the plaque test previously described (9) .
Dissociation of virus. Virus samples at a concentration of 10.0 mg/ml in Tris buffer were made 0.4% with regard to sodium dodecyl sulfate (SDS) and 1% to 2-mercaptoethanol. SDS was obtained from Mercks, Darmstadt, W. Germany, and recrystallized from ethanol. The samples were then heated for 15 min at 37 C, followed by 1 min at 70 C for BTV and 1 min at 96 C for reovirus just prior to electrophoresis. From 50 to 100,g of the dissociated protein was used for electrophoresis.
Polyacrylamide gel electrophoresis. Conditions for electrophoresis of polypeptides were based on those used in the fractionation of poliovirus capsids (19) .
For comparative purposes and for the determination of the molecular weights of the polypeptides, best results were obtained using a polyacrylamide gel slab and the Ortec 4200 high-resolution electrophoresis system (Ortec Inc., Oak Ridge, Tenn.). Slabs were prepared containing 8% acrylamide in both the separating and well-forming gels. Both also contained 0.24%c N,N-methylenebisacrylamide 0.2% N,N, N',N',-tetramethylenethylenediamine, 0.2% SDS, 6 M urea, 0.02 M ethylenediaminetetraacetic acid (EDTA), 0.05 M phosphate buffer (pH 7.2), and 0.08%/c ammonium persulfate as catalyst. Acrylamide and bisacrylamide were recrystallized following the method of Loening (12) . Urea was purified by passing through a mixed-bed deionizer column just prior to use. For urea-containing gels, it was found unnecessary to subject them to pre-electrophoresis, but when urea is omitted, distortion of the bands, probably caused by persulfate in the well-forming gel, can be avoided by overnight pre-electrophoresis. Ethylene diacrylate was used as cross-linking agent at one-fifteenth the acrylamide concentration, in cases where the gel was used for radioactivity determinations.
Samples containing about 10 mg of dissociated virus per ml were diluted with an equal volume of a 40% sucrose solution containing some bromophenol red as marker, and 10 to 20,liters applied per well. Electrophoresis was carried out at a potential of 60 v, a capacitance of 1.0 mf, and a rate of 1,000 pulses/sec for 7.5 hr. For optimal resolution in urea-containing gels, a discontinuity in buffer concentration between gel and reservoir was found to be essential. The RNA was fractionated essentially according to the method of Loening (12) . Ethylene diacrylate (0.2%) was used as cross-linking agent to prepare 3% gels in Loening's buffer. The time allowed for fractionation of double-stranded RNA components was 4 hr at 100 v for 10-cm gels at 20 C. After electrophoresis, the gels were fixed in 1.0 M acetic acid and stained for 60 min in 0.2% methylene blue solution in 0.2 M sodium acetate buffer of pH 4.0. Destaining of gels was done overnight in distilled water.
Scanning of electropherograms. Stained gels were scanned in a Vitatron model TLD100 flying spot densitometer equipped with an integrating recorder.
Molecular weight determinations. Molecular weights were determined as described by Weber and Osborn (25) and Dunker and Rueckert (6) . The following polypeptides of known molecular weights were used as reference substances to obtain a linear plot of mobility against molecular weight (the latter on a logarithmic scale): bovine serum albumin dimer (132,000) and monomer (66,000), ovalbumin (86,000) and ovalbumin H-chain (43,000) (both from Nutritional Biochemicals Corp., Cleveland, Ohio), glucose oxidase (185,000), alcohol dehydrogenase (84,000), and lactic acid dehydrogenase (33,000) (Seravac, Cape Town, Republic of South Africa). Samples containing 15 to 30 jg of protein were treated with 1% SDS before applying to a slab gel for co-electrophoresis together with dissociated BTV and reovirus samples.
Electron microscopy. Negative staining of purified virus was done with 3% phosphotungstate as previotusly described (8) . Virus particle counts were obtained using a loop drop method and a Dow latex particle suspension as standard reference.
Assay for polymerase activity. The standard assay mixture contained per 0. Four major components are found in both viruses and although their molecular weights, reflected by the rates of migration, are different, their distribution into three size classes, of which the largest contains two, are obviously similar.
An equal number of three minor components is also found in the two viruses, but in this case the mobilities of the components, relative to those of the major components, are quite different. These minor components were present in all of more than 50 different virus preparations analyzed. Their concentrations relative to those of the major components, as judged by the size of the relevant peaks in densitometer tracing, remained fairly constant. These observations indicated that they probably represent viral polypeptides.
In addition to the seven components constantly present, a number of very faint bands could sometimes be seen in BTV purified on sucrose gradients only. Both their occurrence and their relative amounts, when present, were variable, however, suggesting that they represent cellular contaminants. To determine their identity, BTV was isolated from a mixture of uninfected, VOL. 10, 1972 labeled cells and infected, unlabeled cells. A detectable number of counts was only found in the variable fraction with a mobility higher than that of the fastest major component. The absence of label in the other minor components cannot be regarded as proof of their viral origin, however, because their concentration is so low that the level of labeling attained in the experiment could conceivably have been insufficient to allow detection. Virus was also isolated from a different host cell, i.e., from L-strain fibroblasts instead of BHK-21. Again the result was not conclusive. Most of the faint bands were also seen in preparations from L cells, but again their presence and concentrations were variable from one preparation to another.
In a final attempt to solve the problem, other methods of purification of the virus was investigated. Isopycnic banding in CsCl density gradients proved to be the most successful.
Purification and degradation of BTV by CsCl density gradient centrifugation. It has been known from previous work (21) that BTV is sensitive to high salt concentrations, and that 90% or more of the infectivity of a preparation is lost even after only 2 hr of centrifugation through a CsCl gradient. These experiments were all done in neutral, unbuffered solutions. While re-investigating the possibility of purifying BTV by isopycnic banding for the purpose outlined above, the effect of varying the pH in the gradient was investigated because the virus is also known to be acid-sensitive in contrast to reovirus which is stable at low pH values. The pH was found to have a profound influence on the equilibrium pattern obtained, as shown in Fig. 2 .
Three identical runs of the same BTV preparation are shown in Tris-buffered CsCl gradients of pH 8.0, 7.0, and 6.0, respectively. The set of gradients used for the photographs were heavily loaded to show the faint bands of low density. Identical results were obtained when one-tenth the amount of virus or less was used. Such gradients were used to determine the buoyant density of the bands by collecting drops from the bottom of the tube and measuring its refractive index.
At pH 8.0 the main band formed has a density of 1.38, which is the same as that previously found for infective virus. When analyzed by means of polyacrylamide gel electrophoresis (Fig. 3) In addition to the main 1.38 band, the pH 8.0 gradient also has a band of higher density (1.39) and a faint band of lower density (1.29). The 1.39 band coincides in position and density with the main band formed in the pH 6.0 gradient. In Fig. 3 this band represents viral particles which have lost the major polypeptide with the lowest mobility, thereby increasing its relative RNA content and therefore its buoyant density. In addition, the pH 6.0 gradient also has a virus band in the 1.38 density region, representing complete virions, as well as the 1.29 band.
The pH 7.0 gradient in Fig. 2 gives the best illustration of the degradative process, because it clearly shows all four density bands obtained. In addition to the 1.38 and 1.39 bands already discussed, a main band of still higher density, i.e., 1.42, is found. Gel electrophoresis (Fig. 3) demonstrated that it consists of virions that have lost two polypeptides: the one that is lost at pH 6.0 plus the major polypeptide component of medium mobility. Preparations purified on CsCl gradients contained many more of these particles, which were considered to represent highly purified virions. In the light of the discovery that CsCl partly degrades the BTV particles, this assumption had to be reinvestigated. In Fig. 4 the morphology of the different types of undegraded and selectively degraded particles are shown.
Virions from sucrose gradients (Fig. 4a) The virions with a density of 1.38 obtained from a CsCl gradient of pH 8.0 (Fig. 4b) were indistinguishable from those described above. The 1.42 density fraction obtained from pH 7.0 gradients (Fig. 4d) (Fig. 4c) . Many particles in all the BTV fractions examined displayed lesions or holes filled with phosphotungstic acid, or were lying on positions of fivefold symmetry. It is not yet clear what the explanation for this phenomenon is, but it could mean that pentamers are being lost more easily than hexamers, or perhaps it could be explained by a dimer or trimer arrangement of the structural units.
Molecular weights of the polypeptide components. The electrophoretic mobilities of polypeptides in SDS-containing polyacrylamide gels have been shown to reflect a linear relationship to the logarithms of their molecular weights by several workers (6, 25) . Marker proteins enumerated under Materials and Methods were therefore subjected to co-electrophoresis on the same gel slabs as dissociated BTV and reovirus, and their mobilities were used to construct a plot from which the molecular weights of the viral polypeptides were determined. Reovirus was included in these experiments both as a positive control and to allow a direct comparison of the polypeptide composition of the two viruses under identical conditions. Molecular weights obtained are shown in Table 2 . In order to investigate a possible relationship between the size of the polypeptides and the size of the genome segments as described previously for reovirus (26) , the molecular weight of the polypeptide that would theoretically be coded for by each genome segment was calculated. It was assumed that each segment is fully transcribed and translated, and a conversion factor of 18 was used, based on the ratio of the average molecular weight of double-stranded RNA to that of a polypeptide of equivalent size (26) .
During the course of this work, it was found that some of the previously reported molecular weights for the genome segments were inaccurate, probably due to difficulties in comparing mobilities using separate gels. The values therefore had to be redetermined using either gel slabs or co-electrophoresis of BTV RNA and reovirus RNA on the same gel. Such an experiment is illustrated in Fig. 5 . Molecular weight values were obtained by plotting our reovirus mobilities against the molecular weights published by Shatkin, Sipe, and Loh (16) and by reading off the final values for both viruses from the line of best fit. These values were used for the calculation of the theoretical molecular weights of the polypeptides in- Table 2 .
The seven polypeptides of BTV were assigned a position of best fit in Table 2 . Their molecular weights represent the average results from five experiments. In the case of reovirus, the positions of the polypeptides relative to the ten genome segments are those proposed by Zweerink et al. (27) . Major components have been italicized for convenience.
In both viruses a remarkably good correspondence is seen between the calculated and the experimentally determined values for most of the polypeptides, providing strong evidence that the presumption of a direct coding relationship between the genome segments and the polypeptides is indeed valid. It further indicates that most of the genome segments are fully expressed. One polypeptide in the case of reovirus, with a molecular weight of 81,000, would correspond best to the size of segment 6, but it has been shown (26) to be derived from the primary gene product 4 by the splitting off of a small peptide. In the BTV series, two of the minor components, shown in parentheses opposite segments 4 and 7, show rather large deviations from the calculated size. These polypeptides could conceivably also be derived from primary products by hydrolysis as in reovirus, they could An attempt was made to determine whether all the BTV polypeptides are primary gene products by means of the pulse-chase technique used for reovirus (27) . The results were inconclusive, mainly because the amount of BTV protein synthesized in an infective cell is only a fraction of that found in reovirus-infected cells. In spite of the fact that BTV causes an inhibition of host cell protein synthesis, sufficient BTVspecific protein synthesis could not be obtained to distinguish it from cellular products.
The assignment of certain other components to specific positions in Table 2 are somewhat arbitrary. It is, for example, impossible to determine whether the major component in reovirus with a molecular weight of 138,000 is derived from genome segment 1 or 2, or perhaps from both, because the molecular sizes of the RNA segments are so similar that they are not sepa- Major components have been italicized. Parentheses indicate uncertain assignments (see text).
rated by gel electrophoresis under our conditions. Similarly the polypeptide of molecular weight 29,500 in BTV, shown opposite segment 8, could also possibly be derived from segment 7 or even 9, or perhaps from more than one of them. Attempts to obtain a resolution of component 8 by using higher polyacrylamide concentrations and smaller sample volumes were unsuccessful. An interesting result that emerges from Table 2 is the fact that the major polypeptide components of the two viruses, with the exception of the polypeptide coded for by segment 3, do not seem to be derived from equivalent genome segments. Thus polypeptide 1, which in reovirus is a major component, is only present in minor amounts in BTV. Conversely, polypeptides 6 and 2, both major components in BTV, are completely absent in reovirus, whereas polypeptide 10 is present in reovirus as a major component but is absent from BTV.
Molar ratio of BTV polypeptides. To determine the relative amounts of the different polypeptides in the bluetongue virion, virus protein was labeled with 14C-protein hydrolysate, dissociated, and subjected to gel electrophoresis as described above. A series of virus concentrations was applied to the same gel slab and, after staining, the bands were cut out and the radioactivity was determined. The values obtained were averaged by plotting it against the relative concentration (Fig. 6 ) and using the linear relationship to calculate for each component the fraction of the total radioactivity it represents. These values were divided by the molecular weights of the respective polypeptides to obtain their molar ratios (Table 3 ). An estimate of the number of molecules of each of the polypeptides per virus pl BTV FIG. 6 . Lin2ear relationiship betweeni the volume ofBTV samples labeled with '4C-amino acids atdfractionzated by meanis ofpolyacrylamide gel electrophoresis and the amount of radioactivity recovered for each band. Tlhese curves were used to obtain average values Jor the calculationz of molar ratios as showii in Table 3 . Curves are ntumbered accordinig to the system followed in Table 2 . Table 3. RNA polymerase activity in degraded bluetongue virions. It has been shown by various workers that the removal of the outer capsid of reovirus by means of chymotrypsin or heat treatment induces a RNA polymerase activity (2, 15, 17) . The outer layer which is removed is composed of polypeptide components 5 (plus 4), 7, and 10 (, 1, ,u 2, 6 1, and 6 3 in Joklik's notation). The inner core particle therefore consists of polypeptides 1, 2, and 8 (X 1, X 2, and 6 2), and the transcriptase activity is probably associated with either one or all three of them. (23) . The discovery during this work that BTV can be selectively degraded on buffered CsCI gradients immediately suggested the possibility that an equivalent enzyme might be "activated" by this treatment.
Virus bands of the different densities shown in Fig. 2 were collected for their respective gradients, dialyzed, concentrated, and incubated with a standard incubation mixture as described under Materials and Methods. RNA-polymerase activity was clearly demonstrated in virions which have lost polypeptides 2 and 6, or 2 only, as shown in Table 4 .
A complete characterization of the enzyme will be published elsewhere (Verwoerd and Huismans, in press). It is significant for the present discussion, however, that it can be distinguished from the reovirus enzyme, both by its dependence on manganese ions and in its optimal temperature of only 28 C. DISCUSSION Electrophoretic analysis on SDS-and ureacontaining polyacrylamide gels demonstrated the presence of seven polypeptides in bluetongue virions. Four of these represent major and three represent minor components with regard to their relative concentrations. This result is identical with that reported for reovirus (18) , probably reflecting the similarity of the genomes of these two viruses.
As far as the mobilities of the various components are concerned, the electrophoretic patterns obtained for the two viruses look quite different, however, and can easily be distinguished from one another (Fig. 1) . Since it was known that the 10 genome segments of BTV are not identical in size to those of reovirus, although of similar size distribution (24) , it was conceivable that the dissimilarities found in the mobilities of the polypeptides could be explained by these differences, provided that a direct coding relationship exists between genome segments and polypeptides. To test for this possibility, the molecular weights of the polypeptides were determined by means of a comparison of their mobilities with those of known marker proteins. These values were then compared with the calculated molecular weights of theoretical polypeptides derived by a process of full transcription and translation from the respective genome segments.
Two main results were obtained. First, an excellent agreement was found between the calculated and the experimental values for the majority of polypeptides in both viruses (see Table 2 ). Although it is no proof, this result can be regarded as strong evidence that a direct coding relationship indeed exists between the genome segments and polypeptides. Again, this confirms a similar deduction previously reported for reovirus. In the second place, the differences between the molecular weights of the equivalent RNA segments in the two viruses could not explain the dissimilarities in the polypeptide fractionation patterns. Careful matching of the polypeptides with the genome segments indicates that these dissimilarities are due to the fact that the main polypeptides of the two viral capsids do not seem to be derived from the same genome segments. Thus, the four major components of BTV correlate best with genome segments 2, 3, 6, and 8, whereas the major reovirus polypeptides are considered to be derived from genome segments 1, 3, 4, and 9. Genome products apparently present in one virus but absent in the other are 2 and 6 in BTV, and 10 in reovirus.
A certain degree of uncertainty exists about the precise assignment of some of the polypeptides. For example, component 3 in reovirus could be coded for by either or both of genome segments 2 and 3, and component 8 in BTV could possibly be derived from segment 7, although in size it is closer to segment 8. Component 5 in reovirus is shown in parentheses in Electron microscopy revealed that these two polypeptides form a diffuse protein layer around the capsid proper, obscuring the arrangement of structural units in the latter but not possessing a definite structure itself. This observation solves a discrepancy that has existed for some time between reports on the structure and size of the bluetongue virion. On the one hand, particles were described with a diameter of 68 nm and reoviruslike structure not showing typical capsomeres, but possessing surface projections (3, 14) . On the other hand, we described a particle 55 nm in diameter, consisting of 32 clearly discernible capsomeres, and regarded the larger particles as contaminated with cellular material (8) . Obviously, the former particle represents the virion possessing the outer layer whereas the latter particles are the nucleocapsids which have lost this layer.
Evidence that the outer layer is indeed virus specific derives from the fact that the molecular weights of the constituent polypeptides correlate closely with those of two of the viral genome segments, as well as from infectivity studies. Infectivity to particle count ratios clearly demonstrates that infectivity is lost on removal of the outer layer and regained partially after recombination ( Table 1) .
The structure of the BTV capsid that evolves from this work is closer to that of reovirus than we previously thought, both in the size of the complete particle and in the possession of a double layer. However, the way in which these layers are assembled still seems to be quite different for the two viruses. In reovirus the outer layer consists of structural units arranged in a regular, though still undetermined, way and the inner capsid is the lesser structured part. In BTV the opposite is true; the outer layer is diffuse and nonstructured, whereas the inner layer consists of structural units clustered as conventional pentamer-hexamer morphological units or capsomeres.
These differences in capsid structure form the basis of important differences in the characteristics of the two viruses. For example, the greater stability of reovirus is probably due to its outer capsid. Likewise, the absence of hemagglutination in BTV, as well as other biological and serological differences, are mainly dependent on differences in the outer protein layer. The greater stability of reovirus might also be related to the differential effect of the two viruses on cellular protein synthesis. Huismans has shown that, in contrast to reovirus, BTV has a definite inhibiting effect on cellular protein synthesis following infection (10) . In enteroviruses an equivalent effect is caused by double-stranded RNA (5) . In reovirus the inner particle remains intact throughout infection (4) . Although it has not yet been determined whether the BTV nucleocapsid remains intact during the infectious cycle, it is quite reasonable to expect that the much less stable capsid of this virus could result in liberation or leakage of its double-stranded RNA genome which could be responsible for the inhibition of protein synthesis.
A common function of the outer layers of the two viruses appears to be the masking of the viral transcriptase. The fact that no eauivalent polypeptides, i.e., polypeptides derived from equivalent genome sections, are found in these layers suggests that the masking is probably a nonspecific effect. The possession of similar transcriptase activities can certainly be regarded as an indication of relationship, but again the characteristics of the two enzymes are sufficiently distinct to warrant differentiation between BTV and reovirus. Of special interest is the observation that in BTV the transcriptase has an optimal temperature of 28 C in comparison with the 47 to 52 C of reovirus (11) . This is probably related to the fact the BTV is transmitted by, and has been shown to replicate, in an insect intermediate host. Both the low optimal temperature of the transcriptase and the fact that the yield of infective BTV in animal cells at 37 C is only about 20% of that of reovirus might serve as indication that BTV is basically an insect virus, the mammalian host being only of secondary importance.
In conclusion, the results reported in this paper have some bearing on the problem of classification of the double-stranded RNAcontaining viruses. It has been proposed that all the viruses possessing a segmented doublestranded RNA genome be classified together in one genus, the diplornaviruses (22) . Mainly based on morphological and biological grounds, it was proposed that a subdivision was necessary with reovirus and BTV as the two type species. Although it remains obvious that there is a basic relationship between the two groups, the differences in the protein coat structure reported here strengthens the arguments for a distinction between them. At this stage, however, it still seems desirable to retain them in one genus, 793 VOL. 10, 1972 on November 1, 2017 by guest http://jvi.asm.org/ Downloaded from with a subdivision into subgenera reflecting the capsid structure.
Further work is necessary to see if the capsid structure can be correlated with the host specificity of these and other related viruses. Too little is known at this stage about the capsid structure of the considerable number of viruses provisionally included in the BTV-group (22, 14) to decide if they should be classified together. The possibility cannot be excluded that other forms of capsid arrangement could exist. A monkeyderived virus, S.A. 11, for example, has been shown to possess an outer layer staining much more distinctly than that of BTV with phosphotungstate (7). This could possibly represent an intermediary form. To clarify the relationship between these viruses, further comparative studies are in progress. 
